Abstract
Introduction

45
Chloroaminophenols (CAPs) are used as hair dyes and have been identified as toxic substances 46 because of their carcinogenicity [1] . Examples are 2-chloro-4-aminophenol (2C4AP) and 4-47 chloro-2-aminophenol (4C2AP).
48
CAPs are released into the environment because of anthropogenic activities. They have been 49 released into soil and water as by-products during the synthesis of cosmetic dyes and chemicals.
50
They may also release into soil because of microbial degradation of various chemicals [2, 3] . The 51 4C2AP may release into the soil due to degradation of 3-chloronitrobenzene and 4-chloro-2-52 nitrophenol [2, 3] .
53
Few bacteria capable of utilizing CAPs as the sole carbon and energy source have been 54 identified and characterized [1, 4] . Examples are Exiguobacterium sp. PMA [4] and Burholderia 55 sp. RKJ 800 [1] . Both of the strains utilized 4C2AP as the sole source of carbon end energy. The 56 complete mineralizatio of 4C2AP was studied in Burkholderia sp. RKJ 800 that degraded it with 57 release of ammonium and chloride ions [1] . The 4C2AP degradation was initiated with the 58 formation of 4-chlorocatechol that was further degraded via ring cleavage [1] .
59
The bacterial degradation of CAPs may be initiated by one of the following mechanisms: (i) the In this communication, we have reported degradation of 2C4AP by Arthrobacter sp. SPG. Strain
64
SPG was previously isolated from the soil collected from a pesticide contaminated site, India by 65 an enrichment method using 4-nitrophenol [7] . Strain SPG utilized 4-nitrophenol, 2-chloro-4- carbon and energy sources [7] . In addition, Arthrobacter sp. SPG is also capable of utilizing 68 2C4AP as a sole carbon and energy source. The aim of this study is to study of the degradation 69 pathway of 2C4AP by strain SPG.
70
Material and Methods
71
Chemicals
72
2C4AP, Hydroquinone and Chlorohydroquinone were purchased from Sigma-Aldrich. All other 73 chemicals used were of high quality graded.
74
Growth and Degradation studies 75 Strain SPG was grown on 500 ml Erlenmeyer flask containing 100 ml minimal medium and 0.3 76 mM 2C4AP as a carbon and energy source. The composition of minimal media was exactly same 77 as described previously [1] . For the growth studies, samples were collected at regular intervals 78 and the growth was measured taking the absorbance at 600 nm. For degradation studies, samples 79 were centrifuged and extracted with ethyl acetate and the extracted samples were dissolved in the 80 methanol and analyzed by the high performance liquid chromatography by previously described 81 method [1] .
82
Release of Chloride and ammonia
83
Chloride and ammonia ions were analyzed by the previously described method [1] .
84
Identification of metabolites
85
Strain SPG was grown on 500 ml Erlenmeyer flask containing 200 ml minimal media and 0.3 86 mM 2C4AP as a carbon and energy source. Samples (50 ml) were collected at regular intervals PrePrints 5 (0h, 8h, 16h, 24h) and centrifuged. The supernatant was extracted with ethyl acetate and the 88 extracted samples were analyzed using the high performance liquid chromatography (HPLC) and 89 gas chromatography-mass spectrometry (GC-MS) by the previously described method [1] . GC-
90
MS analysis was carried out using a GC-MS-QP5000 instrument (Shimadzu, Tokyo, Japan) 91 equipped with quadrupole mass filter and DB-1 capillary column with ionization of 70 eV, scan 92 interval 1.5 s and mass range of 50-300 m/z. The column temperature was initially increased 93 from 50°C to 190°C at the rate of 5°C/min and then from 190°C to 280°C at the rate of 94 10°C/min. The carrier gas (nitrogen) flow rate was 15 ml/min [1] .
95
Preparation of crude extracts for enzyme assays 96
For, the preparation of the cell extacts, strain SPG was grown in 500 ml minimal media (50 mM, pH 7.5), and finally suspended in the same buffer. The cells were broken by sonication 100 and the extract was centrifuged (12,000 x g for 120 min), and the resulting supernatant was used 101 for enzyme assays. All procedures were carried out at 4°C.
102
Enzyme assays for a 2C4AP-deaminase 103 The 2C4AP activity was determined by measuring ammonia released from 2C4AP upon 104 incubation with cell-free lysate. The standard reaction mixture contained 50 mM phosphate 105 buffer (pH 7.5), 0.2 mM NADH, 30 mg of cell-free lysate, and 300 µM 2C4AP in a total 106 reaction volume of 2 ml. After, the 5 min, the reaction mixture were centrifuged and 0.5 ml 107 supernatant was subjected to ammonia release and the remaining 1.5 ml was extracted with the 108 equal volume of ethyl acetate and analyzed by the GC-MS. 
122
Results
123
Growth and degradation studies 124 The degradation and growth studies showed that Arthrobacter sp. SPG utilized 0.3 mM 2C4AP 125 as a sole carbon and energy source and degraded 2C4AP within 48 h (Fig. 1a) . The 126 stoichiometric releases of chloride and ammonia ions were detected during the degradation of 127 2C4AP. Ammonia release occurred before the chloride release that suggested the initiation of the 128 2C4AP degradation via ammonia release (Fig. 1b) .
129
Identification of metabolites
130
HPLC analysis confirmed the degradation of 2C4AP within 48h (Fig. 2) . In the sample of 0 131 and12 h, only peak of 2C4AP was detected with the retention time of 13.36 min. However, in the (Fig. 3) . On the basis of the GC-MS, metabolite I and II were identified as CHQ and HQ.
142
Enzyme assays 143 We have detected enzyme activities of a 2C4AP-deaminase, a CHQ-dehalogenase and HQ- chrysosporium. Miyauchi et al. [11, 12] showed that CHQ cleaved to maleylacetate or 
171
The HQ was also detected as a metabolite of degradation pathway of 4-nitrophenol in a various
172
Gram-positive bacteria [7, 13] . In the degradation pathway of 4-nitrophenol, HQ was cleaved 173 into γ-hydroxymuconic semialdehyde by a HQ-dioxygenase [7, 13] . We have also detected the 
